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Context: Alterations to upper extremity physical character-
istics of competitive swimmers (posture, range of motion [ROM],
and subacromial-space distance) are commonly attributed to
cumulative training load during a swimmer’s competitive career.
However, this accepted clinical belief has not been established
in the literature. It is important to understand whether alterations
in posture and associated physical characteristics occur as a
result of sport training or factors other than swimming
participation to better understand injury risk and possible
interventions.
Objective: To compare posture, subacromial-space dis-
tance, and glenohumeral external-rotation, internal-rotation,
and horizontal-adduction ROM between adolescent competitive
swimmers and nonoverhead athletes.
Design: Cross-sectional study.
Setting: Local swimming pools and high school athletic
training rooms.
Patients or Other Participants: Forty-four competitive
adolescent swimmers and 31 nonoverhead athletes who were
not currently experiencing any elbow, shoulder, neck, or back
pain that limited their sport activity.
Intervention(s): Posture, subacromial-space distance, and
glenohumeral ROM were measured using photography, diag-
nostic ultrasound, and a digital inclinometer, respectively.
Main Outcome Measure(s): Forward shoulder posture,
forward head posture, normalized subacromial-space distance,
internal-rotation ROM, and external-rotation ROM.
Results: No clinically significant differences existed be-
tween swimmers and nonoverhead athletes for posture,
normalized subacromial-space distance, or external- or inter-
nal-rotation ROM. Swimmers presented with less horizontal-
adduction ROM than nonoverhead athletes.
Conclusions: Factors other than swimming participation,
such as school and technology use, play important roles in the
adaptation of physical characteristics in adolescents. Adoles-
cents, regardless of swimming participation, presented with
postural deviations. It is important to consider factors other than
swimming participation that contribute to alterations in physical
characteristics to understand injury risk and injury-prevention
strategies in competitive adolescent swimmers.
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Key Points
 Swimmers and nonoverhead athletes did not differ in posture, normalized subacromial-space distance, or rotational
range of motion.
 Factors other than swimming participation, such as school and technology use, play important roles in the
adaptation of physical characteristics.
 In addition to school, competitive swimmers are exposed to high levels of training, which may alter physical
characteristics, increasing their risk of injury.
C
urrently more than 300 000 competitive club
swimmers are active in the United States, and
43.5% of these members between the ages of 13
and 18 years are on elite teams.1 Adolescent club swimmers
complete 42 000 to 49 000 swimming yd per week (38 404
to 44 806 m) over 7 practices, in addition to dry-land and
weight training.2 Adolescent club swimmers train approx-
imately 11 months of the year with only short breaks after
competitions.2 Because of this tremendous training load,
shoulder pain is the most common musculoskeletal
complaint in competitive swimmers.3 Interfering shoulder
pain has been reported in 45% to 91% of swimmers during
their careers.4,5 Shoulder pain in swimmers is a major cause
of missed practices and slower swim times.3
Swimmers have anecdotally been described as having a
forward head, rounded shoulders, and increased thoracic
kyphosis, which can affect subacromial-space distance
and glenohumeral range of motion (ROM).6,7 The high
volume of training over the swimmer’s career is
hypothesized to contribute to alterations in the observed
physical characteristics of swimmers as the upper
extremities adapt to the training demands. Although this
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theory has predominated in clinical practice, it has not
been supported in the literature.
To date, researchers have not compared competitive
swimmers with nonoverhead athlete controls for posture,
subacromial-space distance, and glenohumeral ROM and to
determine if deviations in these variables are due to factors
other than swimming exposure. Alterations in posture,
subacromial-space distance, and glenohumeral ROM may
be present in both competitive swimmers and nonoverhead
athletes because of factors other than swimming participa-
tion, such as computer use,8 school desk design,9 carrying a
backpack,10 and long study hours.11
Alterations in these physical characteristics and the
demands placed on the shoulder during swim training may
predispose swimmers to the development of swimmer’s
shoulder, a general term for overuse injury in swimming
athletes, which includes subacromial impingement, rotator
tendinosis, and biceps tendinosis.4,5,12,13 It is important to
understand whether alterations in posture and associated
physical characteristics occur as a result of swim training or
factors other than swimming participation to understand
injury risk and possible interventions. Therefore, the purpose
of this study was to compare posture, subacromial-space
distance, and glenohumeral ROM between preseason
competitive adolescent swimmers and nonoverhead athletes.
METHODS
Participants
Males and females between the ages of 13 and 18 years
were recruited for a swimming group and a nonoverhead
athlete group. Swimmers were included in the research study
if they met all of the following criteria: senior (top training
level) member of their club team, had at least 2 years of
competitive swimming experience, regularly trained at least
4 times per week for 1 to 2 hours each session, and were not
currently experiencing elbow, shoulder, neck, or back pain
that limited their ability to participate. Nonoverhead athletes
were recruited from local high schools and soccer, track, and
cross-country leagues. Nonoverhead athlete participants
were included in this research study if they had not been
involved with an organized team of an overhead-dominant
sport for more than 1 year and were not experiencing elbow,
shoulder, neck, or back pain that limited activity during the
course of the study.
Procedures
We used a cross-sectional research design with a
competitive swimming group and a nonoverhead athlete
group. All participants were evaluated 1 time before the
start of the training season for competitive swimmers in
mid-October. All participants and their parents or guardians
read and signed the informed consent or assent form
approved by a university institutional review board, which
also approved the study; participants then underwent a
physical examination that included evaluation of posture,
subacromial-space distance, and glenohumeral ROM. All
measures were assessed for the dominant limb, which was
defined as the arm used to throw a ball for maximum
distance. Although swimming is a bilateral motion,
previous research14 has indicated that swimmers maintain
a dominant side because of handedness and developmental
factors that carry over into their swimming stroke.
We placed reflective markers on the C7 spinous process
and the dominant-side tragus and anterior tip of the
acromion.15 Participants performed 3 overhead squats and
then were instructed to stand in ‘‘a relaxed position’’ while a
picture was taken in the sagittal plane. This procedure was
repeated 2 additional times, for a total of 3 images to be
analyzed. ImageJ software (National Institutes of Health,
Bethesda, MD) was used to assess the postural variables.
Forward head angle was defined as the angle of inclination
of the line extending from C7 to the tragus and the vertical
reference line (Figure 1A). Forward shoulder angle was
defined as the angle of inclination of the line extending
from C7 to the acromion and the vertical reference line
(Figure 1B). A single investigator (E.E.H.) calculated the
forward head and shoulder angles for each of 3 images and
then a 3-trial mean. Before data collection, pilot testing was
completed with 15 participants for all variables. Strong
intrasession reliability and precision were demonstrated for
forward head posture (intraclass correlation coefficient
[ICC] ¼ 0.98, SEM ¼ 0.738) and forward shoulder posture
(ICC ¼ 0.99, SEM ¼ 0.98)
Subacromial-space distance was measured using a
portable diagnostic ultrasound machine (LOGIQe; General
Electric, Milwaukee, WI). Each participant was assessed
while seated in a chair with the forearm resting on the thigh.
The ultrasound transducer was placed on the coronal plane
of the shoulder (Figure 2A). The image was saved for
analysis once the lateral acromion and humeral head could
be visualized.16 A blinded assessor (E.E.H.) measured
subacromial-space distance using ImageJ software. Sub-
Figure 1. Posture assessment. A, Forward head angle. B, Forward
shoulder angle.
Figure 2. Measurement of subacromial-space distance. A, Partic-
ipant positioning. B, Ultrasound measurement of subacromial-
space distance.
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acromial-space distance was defined as the shortest
distance between the anterior-inferior tip of the acromion
and the superior humeral head (Figure 2B).17 A 3-trial mean
was calculated for each side. Average subacromial-space
distance was normalized to height and presented as a
percentage. Before data collection, strong intrasession
reliability and precision were demonstrated for subacromi-
al-space distance (ICC ¼ 0.91, SEM ¼ 0.04 cm).
Two examiners (research assistants who were not
coauthors) passively measured glenohumeral internal- and
external-rotation ROM with a digital inclinometer (model
01163; Lafayette Instrument Company, Lafayette, IN).18
Participants lay supine with 908 of shoulder abduction and
elbow flexion and scapular stabilization provided by the
primary investigator. Scapular-stabilization force was
provided by the primary investigator through a posteriorly
directed force at the acromion to isolate motion at the
glenohumeral joint. The primary investigator then passively
rotated the limb to end range in internal rotation (Figure
3A) and external rotation (Figure 3B) while a research
assistant aligned the inclinometer with the forearm and
recorded the rotation angles. End ROM was defined as the
point at which the primary investigator felt increased
pressure from the acromion under the stabilizing hand.19 A
3-trial mean was calculated. Before data collection, strong
intrasession reliability and precision were demonstrated for
measuring internal-rotation (ICC ¼ 0.98, SEM ¼ 1.48) and
external-rotation (ICC ¼ 0.99, SEM¼ 1.28) ROM.
Two examiners (research assistants who were not
coauthors) assessed posterior shoulder tightness by mea-
suring glenohumeral horizontal adduction with the partic-
ipant lying supine (Figure 3C).20 The scapula was stabilized
in retraction and the humerus was elevated to 908 of
abduction and neutral rotation and then passively horizon-
tally adducted. At end range, a second examiner aligned the
inclinometer with the midline of the humerus to measure
the horizontal-adduction angle. A 3-trial mean was
calculated. Before data collection, strong intrasession
reliability and precision were demonstrated for measuring
horizontal-adduction ROM (ICC ¼ 0.91, SEM ¼ 1.18).
Statistical Analysis
We calculated descriptive statistics for each variable.
Independent t tests were performed to compare forward
head posture, forward shoulder posture, normalized sub-
acromial-space distance, and dominant-limb ROM between
competitive swimmers and nonoverhead athletes. An a
priori a level of .05 was set for all comparisons to
determine statistical significance. All statistical analyses
were performed using SPSS (version 20.0; SPSS Inc,
Chicago, IL).
RESULTS
The study participants were 44 competitive adolescent
swimmers and 31 nonoverhead athletes. Complete partic-
ipant demographic information is provided in Table 1.
Mean forward head posture (P ¼ .22) and forward
shoulder posture (P¼ .60) did not differ between swimmers
and nonoverhead athletes (Table 2). Normalized subacro-
mial-space distance was similar between swimmers and
nonoverhead athletes (P ¼ .10; Table 3).
Dominant-limb glenohumeral horizontal-adduction ROM
was different between swimmers and nonoverhead athletes
(t73¼4.64, P, .001; 95% confidence interval¼ 2.92, 7.33;
Table 3). Swimmers presented with approximately 5.18 less
dominant-limb horizontal-adduction ROM than nonover-
head athletes. Swimmers and nonoverhead athletes did not
differ for dominant-limb internal-rotation ROM (P¼ .937)
or external-rotation ROM (P ¼ .709; Table 3).
DISCUSSION
Our findings indicate that during preseason measurement,
few differences occurred between competitive swimmers
and nonoverhead athletes. These findings have several
implications for clinical practice. First, swimmers and
nonoverhead athletes presented with similar alterations in
forward shoulder posture at preseason measurements;
therefore, contributors to forward shoulder posture other
than repetitive overhead activity need to be identified.
Second, these measures were taken during the swimmers’
preseason; however, during the training season, swimmers
perform a large volume of yardage with high-intensity
practices to gain strength and power.21 The tremendous
training load that swimmers are exposed to may cause
muscle fatigue and alterations in physical characteristics
Figure 3. Range-of-motion assessment. A, Internal rotation. B,
External rotation. C, Posterior shoulder tightness.








Age, y 16.5 6 1.0 16.5 6 1.0
Height, cm 172.2 6 12.9 168.8 6 8.4
Mass, kg 66.2 6 10.2 57.7 6 8.2
Table 2. Posture Group Means, (Mean 6 SD)
Posture Swimmers Nonoverhead Athletes
Forward head 36.1 6 4.2 34.9 6 4.0
Forward shoulder 45.1 6 10.9 46.6 6 8.5





% of height 1.2 6 0.2 1.1 6 0.1
Range of motion, 8
Internal rotation 55.5 6 9.5 55.2 6 6.9
External rotation 108.06 6 12.3 109.1 6 9.1
Horizontal adduction 18.9 6 4.7 24.3 6 4.4
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that increase the risk of injury during the training season.22
We chose this preseason time period as it is when most
teams perform preparticipation screenings to identify those
at risk of developing injury; yet serial examinations of
physical characteristics may be needed to determine how
the training load influences the athlete and increases the
risk of injury.
Although no differences were evident between adolescent
competitive swimmers and nonoverhead athletes for
forward-head or forward-shoulder posture, both groups
were above previously proposed criteria15 for an ideal
shoulder posture: equal to or less than 228 of forward
shoulder angle. The swimmers demonstrated 45.18 and the
nonoverhead athletes, 46.68.
Forward-shoulder posture develops because of weakness
of the posterior scapular stabilizers coupled with anterior
musculature contracture. Other than repetitive overhead
activity, lifestyle factors such as computer use,8 school desk
design,9 carrying a backpack,10 and long study hours11 may
contribute to poor posture in the student population. Laptop
computers increase exposure to risk factors for musculo-
skeletal disorders because of their compact size, integrated
monitors, and less than ideal input devices.23,24 To view the
computer screen, individuals assume a more forward
shoulder and head posture.11 Over time, this posturing
during computer use may lead to adaptations in shoulder
physical characteristics and increase the risk of injury. In
addition, it has been suggested that school desks are not
ergonomically advantageous,9 as students must adjust their
posture to read paper documents and notes that are sitting
on their flat desks. Recent suggestions11,24 to improve
students’ sitting posture include adjustable desk heights and
angled desks. Based on our results, all adolescents should
focus on improving forward shoulder posture. This could be
done through a strengthening and stretching program in
physical education class to address muscular imbalances,
improve computer and desk ergonomics, and increase
education on the importance of good posture.
Swimmers presented with increased posterior shoulder
tightness, represented by less horizontal adduction, com-
pared with nonoverhead athletes. The repetitive nature of
swimming may fatigue the posterior rotator cuff and
periscapular muscles, which may place more stress on the
posterior capsule to maintain joint stability through the
swimming stroke.25 Over time, the distractive stress may
cause repetitive microtrauma to the posterior capsule and a
fibroblastic healing response that results in hypertrophy and
contracture. As athletes with posterior shoulder tightness
move into abduction with external rotation (as seen in the
recovery phase of the swimming stroke26), superior-
posterior translation of the humeral head may increase.27
This abnormal translation can decrease the subacromial
distance and compress the structures within the subacromial
space during dynamic movements. It may be beneficial to
address the posterior shoulder tightness of swimmers to
allow the humeral head to remain centered during dynamic
activity, which may help to prevent impingement during the
swimming motion. Potential treatments to improve poste-
rior shoulder tightness include stretching exercises to
address muscle flexibility,28,29 joint mobilization to address
capsular tightness,30 and other forms of manual therapy31 to
address neuromuscular abnormalities.
Limitations of the current study need to be addressed. We
may not have observed alterations in subacromial distance
because assessments were taken during a static posture.
Abnormal narrowing of the subacromial space may be
present if the assessment is done during a dynamic task.
Also, the physical characteristics were assessed before the
start of the training season. Previous authors have identified
adaptations in scapular kinematics that may promote
shoulder impingement over the course of the first 6 weeks
of the training season in collegiate swimmers22 and after a
fatigue protocol.32 The timing of the assessment may have
influenced the results.
Future researchers should focus on how the physical
characteristics of swimmers (posture, glenohumeral ROM,
and subacromial-space distance) change over the course of
the training season, as well as how physical characteristics
change because of participation variables, to better
understand injury risk during the training season. In
addition, future investigations of swimmers and other
overhead athletes should include lifestyle factors, such as
time on laptop computers and other devices and posture at
school, to understand the roles of these lifestyle factors in
the development of shoulder pain and injury in overhead
athletes.
CLINICAL SIGNIFICANCE
Lifestyle factors, such as school and technology use, play
an important role in the adaptation of physical character-
istics. In addition to school, competitive swimmers are
exposed to high levels of training that might further
exacerbate any alterations in physical characteristics. These
findings highlight the importance of interventions during
the school day and personal time to improve posture, as
well as strengthening and stretching programs to decrease
the risk of shoulder injury in competitive swimmers.
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